INTRODUCTION
In this work we report parameterized atomic wave functions obtained within the optimized effective potential (OEP) framework for the 2 ≤ Z ≤ 54 atoms. The optimized central effective potential is also given in a parameterized form. The radial part of the atomic orbitals is expanded in a basis set of Slater- type functions as in the Roothaan-Hartree-Fock method [1, 2] . The effective potential is parameterized in terms of yukawian functions times powers of r in such a way that the asymptotic exact behavior is fulfilled and all the integrals involved can be calculated analytically.
The optimized effective potential method has its origin on the approximate X-α Slater's simplified treatment of the exchange term in the Hartree-Fock equations based on the averaging in the occupied orbitals [3] . The method was formulated by Sharp and Horton [4] in the independent particle model as a variational alternative to the previous scheme. As in the Hartree-Fock approach, the starting point is the expectation value of the electrostatic N-electron Hamiltonian in a single Slater determinant or in a single configuration in the L, S coupling. In the OEP method an additional constraint is imposed into the variational problem with respect to the Hartree-Fock one: the orbitals must satisfy a single-particle Schrödinger equation with a certain local potential, the same for all the electrons (with the same spin).
Then the expectation value of the Hamiltonian of the N-electron system becomes a functional of such a local potential. The effective potential is then varied to minimize the total energy. This gives rise to a linear integral equation in the effective potential [4, 5] whose solution provides the optimized effective potential. This equation was first solved by Talman and coworkers by using a numerical scheme [5] and a complete tabulation for the ground state of the atoms Li through Rd was reported [6] .
However the use and application of the OEP method was hindered by the computational difficulties posed by the integral equations. An alternative methodology that simplifies greatly these problems giving rise to a better accuracy of the solution is based in a finite basis set expansion and/or analytical forms for the effective potential [7, 8, 9, 10, 11, 12] . In this work we apply systematically a recently proposed scheme [12] within the parameterized methodology for the ground state configuration of the He through Xe atoms. For each atom the total, kinetic, exchange and single particle energies are given.
Some analytical constraints, that must be fulfilled by the exact solution, are imposed in the variational search.
The Effective potential method
The orbitals and effective potentials tabulated in this work have been obtained by using the method of Ref. [12] . Below we give a brief overview of the effective potential method and the parameterization scheme followed.
The OEP method is a variational approximation to the many electron problem which uses singleparticle wave functions as variational ansatz as in the Hartree-Fock method. The single particle orbitals satisfy a single particle Schrödinger equation with a certain local potential that is taken to be central
where λ = (n, l, m l ) stands for the spatial quantum numbers of the atomic orbital and σ = ±1/2 is the third component of the electron spin.
The expectation value of the atomic Hamiltonian is then a functional of this effective potential. The minimum condition on the energy gives rise to a linear integral equation on the effective potential [4, 5] whose solution provides the optimized effective potential. The energy so obtained is an upper bound to the exact one and is above the Hartree-Fock value. It is also worth pointing out that the role of the effective potential here is just an auxiliary function used to calculate the orbitals in the wave function.
Several analytical conditions are known for the effective potential. First its short-and long-range 
Second the exact solution of the OEP must also satisfy the virial relation and the exchange-only virial relation [13, 14 ]
where E vr x is given by
and V x is the exchange potential and E x is the usual exchange energy
The third condition [15] states that for the exact solution the eigenvalue of the highest occupied orbital in equation (1) 
In this equation I, J and K are the usual single particle, direct and exchange terms calculated starting from the eigenfunctions of the effective potential.
The last two conditions are in some sense complementary. The main contributions to the quantities involved in the exchange only virial condition arise from the internal region of the atoms whereas the highest energy eigenvalue is governed by the outermost region.
The Parameterized solution
To minimize the expectation value of the atomic Hamiltonian with respect to the effective potential both the effective potential and the atomic orbitals have been expanded in an auxiliary basis set. Then the total energy becomes a function of several variational parameters which have been optimized by using the SIMPLEX algorithm [16] .
The parameterization taken for the effective potential is 
with the condition
imposed in order to match the correct short-range behavior of the potential. This constraint makes that we must deal with, at least, two terms with p = 0. With this analytical dependence the correct long range behavior is also fulfilled.
The spatial part of the atomic orbitals is written in terms of the spherical harmonics φ λ ( r) = R n l (r)Y l m l (Ω) (9) and the radial atomic orbitals R nl have been expanded in terms of Slater-type basis functions
where S j l (r) is given by S j l (r) = N j l r n j l −1 e α j l r (11) and the normalization constant N j l is
Algorithm
A set of basis functions must be fixed for both the radial part of the atomic orbitals and the effective potential. For the Slater-type orbitals we have used the same values of M l and {n j l } in equations (10) and (11) respectively as in the Roothaan-Hartree-Fock solution of Ref. [2] . With respect to the parameterization of the effective potential the number of basis functions used to expand the effective potential is incremented systematically until convergence is reached.
Once the expansion for the effective potential and atomic orbitals is fixed, the both sets of free parameters {c k p , β k p } for the potential, and {n j l , α j l } for the orbitals are initialized to some given value. Then the single particle Schrödinger equation (1) is solved in the basis given by the Slater type orbitals selected. This is the usual generalized eigenvalue problem H(l) · C l n = ε l n N(l) · C l n (13) where C l n = {C j l n } with j = 1, . . ., M l (14) and the matrices H(l) and N(l) are given by
The solution of equation (13) is obtained by using the usual linear algebra algorithms and provides the eigenvalues and the linear coefficients {C j l n } j = 1, . . . , M l . Then the atomic orbitals are fully determined.
The N-electron wave function, Φ, is a linear combination of Slater determinants with coefficients fixed for each L, S symmetry. The orbitals have been determined in the previous step and therefore the expectation value of the non relativistic atomic Hamiltonian can be computed readily
This can be reduced to one and two body integrals that can be computed analytically because we are using Slater-type orbitals.
As a result, the expectation value of the Hamiltonian becomes a function of the non linear parameters {c k p , β k p } of the effective potential, and {α j l } of the radial orbitals. The following functional
has been minimized with respect to these parameters in order to fulfill the analytic conditions of the exact effective potential. As a result both of them hold within 10 −6 hartree and the minimum energy is not substantially different to that obtained in an unconstrained search. The tail of the effective potential is expected to be better reproduced by imposing the homo-condition.
The quality of the results here reported can be visualized in Figure A where we plot the relative error (in %) of our ground state energy with respect to the HF one [2] as compared to the relative error of the numerical solution [6] . In the present work the relative error is nearly constant for all the atoms considered. It is also noticeable the great improvement of the parameterized solution with respect to previous solutions especially for the lighter atoms. 
EXPLANATION OF TABLE
The first row of each data block gives the name of the element, the atomic number, the single particle configuration and the term of the ground state wave function. The second row gives the total, kinetic and exchange energy. Then the parameterization of both the effective potential and the atomic orbitals is given. Atomic units are used. The powers in the parameterization of the potential in equation (7) Column 2 The exponents in the parameterization of the potential in equation (7) Column 3 The linear coefficients in the parameterization of the potential in equation (7) Parameterization of the orbitals
1S, 2S, etc
The values 1, 2 gives n j l in equation (11) Column 1 The values of the exponent α j l in equation (11) Other columns The first entry is the Hartree-Fock orbital energy ε HF λ in equation (6) The second entry is the single particle energy ε λ in equation (1) The other entries are the coefficients C j n l in equation (10) 
